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OBJECT

To take a series of high speed X-ray pictures showing
the functioning of "20mm H, E., I. Shell ¥27 (T23) similar to
the studies carried out for the 20 mm HeE«I. Shell MK-I.

SUMMARY

A series of high speed X-ray pictures have been taken
vhich show the functioning of 20mm H.E.I, Shell 197 (T23) with
Fuze P.D, T718L when fired through the following thickness of
tarzet plates: o012 in., 1/16 in., .083 in,, 1/8 in. and 1/4 in,
The pictures show the time of function, the manner of fragmentation
of the shell and the formation of the hole in the plate,

At ¢ :ctriking velocity of approximately 2850 f/s against
target plates placed normal tc the line of fire the functioning
of the shell is dependent on the thickness of the plate, Against
023 in, plate all shells functioned while passing through or after
having passed through the plate, when fired against 1/8 in. and
1/4 in, plates the shells consistently functioned and ruptured
beforc the bourrelets of the shells had passed through the platc,
None of the shells fired agzinst the 012 in, plate functioned,
tmen fired agninst the 1/16 in, platc the shells frequently did
not function until they were completely through the plate. Two
skclls out of 20 fired did not function at all,

The dependence of the functioning of the shell on the
angle of impact and on velocity was observed on ,083 in,plates.
When fired at a striking velocity of approximatcly 2850 f/s against
the plate inclined ot 2C° to the line of firc zll shells functioned
conslstently and rupturced beforc having passed half woy through the
plote, Against a plate placed normal to the line of fire the shells
freguently passed completely throuph the plate before functioning.
Wwhen fired at 1600 f/s against the plate placed normal Lo the line of fire+
cight shells out of 25 fired did not function at =11,

The shells swell to almost twice normal diameter before
rupturce is visible,

The wxplosion imperts o radial velocity of approxinatcely

JE0C /s o the shell fragments.

AUTHCRIZATION

W 4L7161/2591¢
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RESTRIGTED
I.  INTRODWCTION UNCLASS\HED

This Arsenal has taken high spced X-ray pictures
which show tha functioning of 20 mm H,E,I. Shcll MK-I, with
Fuze No, 253 MK-II, when fired through z mild steel target
(1/16 in, and 1/8 in, thick) placed normal to thc linc of
firce The pictures show the manner in which the shell (1
rupturcs end the formation of thc hole in the target plate, )
A rccuest was rcceived from the Office Chief of Ordnance to
conduct similar studies for the 20 mm HeE.I. Shcll M97 (T23

).(2)

II., METHODS

A. Weapon
A 20 mm gun tubc AN-M2 was uscd for the firing.
An adapter slceve was scrcewed on the breech end of the tubce,
This slceve was thrgaded for the "A(E,S," screw-on firing action
permitting convenicnt single round firing,.

B, Ammunition

20 mm HeEeI. Shcll 397 (123) with Fuze P,D. T71E,4
were used for these tests, A stationary rediograph of this shell

is shown on Figure 1.

C. Targets
Mild stecl plates (WD 1010 hot recllced annecled ond
pickied, or cold rollcd, dead soft tcmpcr) were used zs targets,
The following turpet plates woere uscd:

(1) «C12 in. % 12 in. » 16 in. placed normel to
the line of firc.
(2) 1/16 in. (L063 in,) x 12 in. x 16 in, placud

normnl to the line of fire,

(3) .083 in, » 12 in. x 16 in. pliced nornd to
the line of fire,

(4) 08} ine x 1R in, x 36 ins inclined nt 20°
to the lirng of firce (70° betwoen trno trojectory and the noranl to
the pl-te),

(5) 2/6 in. (4125 in.) x 1z in. » 1¢ in, placed
to the line of fire.

(€) 1/L in. (4250 in.) X 12 in. x 14 in, pluced
normzl to the Line of firc.

nornl

The shelig ®were £ d 0 strikicsg velocity of

Fitoximately 265C £/ tlrous ci 3 the hov re.ls wnd L] 30
W reduced volocity (10 £/s) through tre L0083 ine t.rget plic
nott..i to tn. line of fire, A new Lol plite waa uwawd for ouch
o, The THde. ot tee &8 S, (r Wi eURELs of tha gut.
“Feonkiord Atses Ordnaxs | RS W o amutly THIG

b :." - .‘ - T ‘I._“‘Q;. 48 ’l}"‘: !" .;. . :"AA
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D High Spced X=Ray Pictures

The high speed X-ray cquipment (3) was used
in taking the picturese A picture showing the arrangement
of the X~-rey tubes and film with respect to the target and
frocment protcction is shown on Figurce I of Frankford Arsenal

Ordnznce Laboratory Report No. R-480.(L)

A number of shells were fired through cach
thickness of platc and high speed X-ray pictures werce token at
the instont of iapact and ot varying times thercafter,

For the torgets placcd normal to the line of firc
t.o mutually perpendicular high specd X-ray picturcs were token
of the functioning of cnch sheil. 4 dingram of the sct-up uscd
in taking thesc pictures is shovn on Figurc 3 of Frankford Arscnal
Crdnance Loborotory Report No. R-480, ) The linc of firc was
varied from 2 in. to 4 ine above the horizontal filin casscite.
Laximum detail of the functioning of the shell was obtained on
this horizont-l film. The mutuzlly perpendicular picture was
t-ken on the vertical film, This fiim was loceted 9 in, from
the line of fire ond the picturcs obtrined on this film ure
1ncking in deteil, However the foilure of a shell to function
such =3 round 18 on Figure 5 was rcvealed by this vertical
picturc,

In the cnsc of the (83 in, turget inclined =t 20°
to the line of firc only 2 single hi.h spced X-roy picturc wis
t ken of the functioning of the shell. The horizontal tube wnd
fili cassette arranged as shown on Figure 3 (side vicw) of
Fronkford Arcentl Ordnance Laborsntory Report No. E=480 (6) werc

usced,

All hizi. syeed X-r-y picturcc were tiken <t 560
kilo=volt pere ond using Pottorson f<45 inducstrinl coabin-tion
intencifying ser.oensg with Z-stmnn 2luc 8rond Ultra Spoecd X=R-y
Filnl.

11I. RASULTS 4D SISCUSSICH

Aoprovc.ntative printa of the X-roy picturcs aro shown
on the fiar.as th .t follow, Thuse wer., sclected frog » lar, .
neztrer of (phdctant s ot Nl rEin ¢ predeced.  The duseriptdyve meteci
weconmpnsin the pletures is bascd on o excmminaticn of tho
ri=in- ) neg tive nd some of the ¢utailes hawve been lost in the

reproduction proc.oss,

(3) Froakiord irzenal Ordnance latoratory .eport o, [=18Y, “iiigh Speed

a=bi-y Baod M by N, #. Thidlo rne C. M. Hudson
.
Fi . :. L 3 ! .i ‘i..
f. :‘ & » cg:-o
\ .
-
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The pictures shown on Figures 2, 5 and 19 arc dircet
prints from the X-rw.y negatives, The piclurcs shown on Figurcs
3, L4, ond 6 to 1& inclusive have boen copied from dircct prints
made from the X-ray ncgativese The copicd pictures have been
reduced to ‘wpproxdmately 1/3 sizes

Figure 18 is included for comparing the manner in which
the 20 mm H,E.I. Shell MK-I functions,

Two high speed X-ray picturcs shoving the fregmentation
of 2Cmm H.E. Shell MK-IH (Navy) 7) :rc shown on Figurc 19.

Figurc 5 shows two ,nutuzlly porpendicular high speed
n-ray picturces of on. shell exploding with o time intcerval of
spproximntely L4 microuscconds between picturcss The cverage
radial velocity imparted to the frogments by the force of the
explosion was approximstcly 2800 f/s. This viluc agr€c§ well
vith the v-lues reportced by kwjor Cl..rk of Aberdccn, B

The ¥-roy pictures corrcl-ted with obscrv-tions of the
tarsot plite rovenled the following factse Excoept where other-
wisc indic~ted the shells were fired nt sorvice velocity aguinst
torzct piotes pirced normal to the line of fire.

(1) 4012 in. targct plate (Figure 2)
() The shells did not function when fired

throuch this tidcknuss of platc,
(b) The windshiclds of the shells were not

crushed up 2: 1 result of the impect,

(2) 1/16 in, (,063 in.) t.rget plove (Figure 3,4, 5)
(=) The shells frequently did not furction until
th.y wore corpletely througnh thc plitee Two shells out of 20
fired, did not function ot 11,

(b) Th. shclls which did fu.ction while pocsing
throuch the pl.te rupturcd when more tion helf wey throurh. Thi-
regultad in ¢nly smell holes (2 1/e in, mwximun di-zocter) buing
fo:z.cc dn the plate.
fe) The 20 ma B.5,1. Sh.1) M- (Fuze £252, K1)

AN

whun fired through the sume tadcnne o af plyxte 1) funetic b
fuptur: of the shells consistentl: veeurrcd before the shull: h.d

2 .ore thon Rl Wy throws. tne plite,  » hole “pproxism tily

L 4
. K3 i - i
frve dov G weler mo s formud in tie 1 e, \V)

(7) Frankford Ars.n~l Ordnanece Lobor ¢ ry Roport -7 "digh 5
.H";”t 4 5 "';3 'f g :.' .‘\i . * : -{, e =4 el ’.)- :1 :}--nl
vy noFired Theowet . 1/€ In, Yild Stedd Torret Tl oood
POl oth Lae £ Firem i ie b, Thile
\ Y ek Troeing e oo ILERL By S BB AF- L) G Bt
. -
. i ¢ . 31 . .y + te. ov e -: Al
» [ Y - s 13 ..'. . 3 r"
by r L : . : H r" ! . Al 7 ’ ] ]
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(3) ,083 in. target plate (Figurc 6, 7)

(a) A1l shells functioned when fired through
this thilckness of plotces

(b) The timc at which the shells functioned
varicd., Eight shclls out of 32 fired passca completcly through
the plate before functioning,

(¢) Shells which functioned and rupturcd beforce
possing helf way through the plate produced large holes (6~7 ins.
in di‘mcter), The momentum imprrted to the pctols on the back
of the plate from the force of the explosion crused them to curl
bick and form the large hole.

(4) .083 in. target piite, oko1l firca 2t roduced velocity
(1000 £/s){Figure 8,9).

() Thirty-five shells were fired ot reduced
vilocity through this thickness of pint., Twe shells funetioned
~fter passing through tane pl:ite, Einit ghdlls did not function
s ] WIS

() T wthur 2% shells) fimeticned. RUpturs off
these shells con Latontly occurred before the shells had pessed
rero thin h-if w - wirough the platee  These shells produced o
laree 0 Yo (57 . dicmeter) in the platc.

(5) 083 in. turget plote inelincd 2t 20® to the linc
of fire. (Fiewre 1€, 11)

(.) The shells o1l functivned consistently -nd
rupturca bef or. hoeving phosed h-Af wey through the plote.

(b) The explosion of t'.c shells produced a hole
approximatel; < 5/4 in. in dismeter in the plate., The momentum
imparte. to the petals on the back of the plate from the impact
n{ the murhroomed shell base caused them to curl back and form
v omuen lirper hole (4 1/2 ins. i1 diameter)

() 1/8 in, (.125 in.) target plate. (Ficure 1., 1, 14)
(a) The shells all function b fore passing Lhrouch

.y - .3
(Y, The sheil- start o awell

_ L approrbmately ¢ mizro-
aeeond: e wmpacty ncjturce ol the shalls takes place befor: il

C

Lo .ry H 3 the shella have passea Lhrowh the plate (approximat. iy
Y
- - -~ A
5 ey Y N \:‘. i 1’.' s v Joe
-.P
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(¢) Thc momentum imparted to the petals on the
back of the plate from the force of the cxplosion caused them
to curl back and form a large hole¢ (6 = 7 in, in diamecter).

(d) The 20 mm H,E.I, Shell MK-I (Fuzec #253, MK-ID)
functioned in a similar manncr when fircd through the same thick-
ncss of plate, (10)

(7) 1/4 in. (,250 in,) targct platc. (Figure 15, 16, 17)

(2) The shells all functioncd biforce passing through
the platcea

(b) The shclls start to swell approximatcly 20 micro-
sceonds after impact, Rupture of the shells trkes pliace beforc
the bourrclets of the shells have passed through the plate (approxim:t.ly
LO microsceonds after impact).

(c) The momentum impart.d to the petals on the buck of
th. plute from the forec of the uxplosion causcd thow to curl back
to form o hole rpproximitcly 5 in, in diameter,

The shells swell Lo uwlrost twice normal dicacter coford
vigible rupturce tekas pleéce. The nosces ot the shell brezcs up
into frermentse In tno cooe of L HeZels ME~MIshicll the noscs of
thic shellc romnined in one jivecs The froooment Lion of the rost of
the shells is cimilir o tht of the MK~ shells (i, ce rupture of the
shell body, mushroonine out of the tise of the shell),

The frogmentiztior of Lo oo s He 3o Shell, ML vy ),
is aiffur mt 'rom the H, B¢ Ie Sn.ll in thet the nose, body and
uoare of U shoals =11 e £ 8 dnts smield Crfrnoats shion the . . ds

1‘\1; Ltir. .

C e mee e aen
Tw, SEREES w6

Bhe ImiEN SNl e NS = GH.@® Uig |3 Sone i JBick &
1 {unction, Lic [ ot tiof pritlerm of ol shlll cad
avizs. Lkor of tho Rolas id Wi nl- ity
[ \ . [ » F‘ l/ .
na [ BB O 4 v .0V . . P SO (R oo ) “0d

;
. vl ¢ - = o 5 - T g 2 H
tEnaet B s placcd Mo ) te the L0 off Jin. tno CEROE o di
\

o e SNl s doepondiat e QP WRorn p o nl 4% Mlete wsed, kg dat
ot e RpMonit L Bee DN R O] J@EStlm e iR 8 siag Wute 3s
it Mafet i acuw Lhroust ot o Am, e Clemd agtimit chek e
AT 2 khe sheils com sl ptde e Liomed ang DSk JE gl B B

Nt TR HE RS A [N LHrousd he Pl Rh.
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firc the shells frequently passed completely through the plote beforc
functioning, The functioning of the c¢hell is also depundent on

the striking velocity, ‘vhen fired at ¢ striking velocity of
approxinctely 1600 f/s against the plaete placed normel to the line

of fire cight shells out of 35 fired did not function at 211,

In ordcr to form & large hole in the plate the shell
must function and rupturc before it has passcd more thwn half
through the platee.

Ve RECOMLZNDATIONS

It is rccommended thot in the development of 20 mm
Incendiary, HeEel., nnd H. E, Shclls that the functioning of theuse
shells be studiced by me-ns of high spced X-ray picturcs,

RESTRICTED
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Stationary X-Ray Pictuie of 20 mm. H.E.I.
Shell M 97 (T 23) With Puze P.D. T 71 E ¢

1 Dotonator, Approximstely 5.8 graips Merocury Fulainate
2 lLower Detonator, Approximately 2.69 grains Leed Azide
3 Magarine Charge. Approximately 2,9 grains Tetryl

4 Tetryl, Approxinately 83%.4 gralics Tetryl

¢ Iacendiary Composition, Apjproximately 34.0 grains

XE3. £158L»-1 YIGURR ) 9 JURE 194l

]



High Speed X-Ray Pictures of the Functioning

of 20 mm., H.E.I. Shell M 97 (T 23) when fired
through an .012 in. mild steel target placed
normal to the line of fire. Fuze P.D. T 71 E 4.

Ho orush up of the windshield as a result of the impact

NEG. £13859-2 FIGIRE 2 9 JIME .945
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High Speed X-Ray Pictures of the Functioning of 20 mm., H.E.I.
Shell M 97 (T 23) when Pired through & 1/16 in. mild steel
target placed normal to the line of fire, Xuze P.D. T 71 E 4

The shell ruptured
after it passed
through the plste.

NE. #.1009-3 PIAFK O 2 JURKE 1942
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EEG. #15138-2

HIGH SPEED X-KAY PILTURES OF THE FUNCTIONING OF 20 2. H.E.I.
SHELL ¥ 97 (T 23) #HEN FIRED THROUGH A 1/4 IN. MILD STZEL
FUZE ¥D T 71 E 4

TARGET PLACED NORMAL TO THE LINE OF FIRS.
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HIGH SPEED X-RAY PICTURES OF THE FUNCTIONING

OF 20MM HE | SHELL MK ) WIEN FIRED THROUGH

ALin MILD STEEL PLATE PLACED NORMAL TO THE
LINE OF FIRE

8

THE NGSE OF ThE SHELL HAS PASSED THROUGH THE PLATE
THLRE HAS HEEN NO SHE T OF THE € TONATING PARTS OF
Tet FUZE

"ME SHELL MAS STARTED TO SWELL IN THE REGION OF Tht
HOURREEY THE BOOSTFR MAS NOT YET DETONATED

THE SHELL HAS SWELLED MUnE THAN THE SHELL PICTURED
IN b THE MAXIMUM SWELL.NG 1€ STILL IN THE REGION OF
THE HOURRELET THt BOOSTER MAS DETONATED THE RING
TEOPETALS ABOUT THE SHELL CAN 8L SEEN

THE SHELL ROUY HAS SWELLED TO Al MOST TWICE NORMAL
DAMETER THE PETA.S MAVE CONSTRAINED THE BOURKELE Y
HEGH N OF THE SHELL FROM SWELLING AS RAPIDLY AS THE
HOOY OF THE SHELL  Tes BASE OF THE SMELL HAS SWEL1R(
/EHY YTt

THE SHEo o MAT WUPTORFD THE BASE OF "ME SMELL 1S
STARDING 1O MUSHRUOM QUT "Wt CONSTRAINING EFFECT
OF T PETALS 1S EVIDENT

Taab mASE 4 Tt SHE L HAY MUSHROOMED U v IR T
teat NOSE LNl OME b THE S, FRAGMENTS MAGE PASSED
W OF THE LOp S THAINNG INFLLENCE OF Dl P TALS

Teef SIEL . PHAGMENTS ARE A MIUT ALy COMEETE v TN
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~1igh Speed X-Ray Pictures of the Functioning of 20 mm. H.E. Shell, MK-3
(Navy) Wwhen Fired Through a 1/8 in. Mild Steel Target Placed Normal to
Line of Fire
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